Background: Interest is growing on immune cells involvement in central nervous system tumors such as glioblastoma. Even if a few reports highlighted that immune classifications could have a prognostic value, no paradigm has been clearly yet established on large and homogeneous cohorts. The aim of our study was to analyze the prognostic role of the in situ immune response of cytotoxic T cells (i.e., CD8
Introduction
Glioblastomas (GBM) are the most frequent type of glioma, representing 60% of gliomas and have the worst prognosis with less than 3% of survival at 5 y. 1 Standard care for newly diagnosed GBM is surgical resection followed by radiotherapy with concurrent and adjuvant temozolomide. Despite such treatment all patients experience recurrence and median survival is only around 15 mo. 2 Molecular classification of glioblastoma separates the different transcriptomic type of GBM in three categories (i.e., pro-neural, proliferative and mesenchymal). 3, 4 Although the knowledge of this cancer's biology has improved, few targeted therapies are in development. Due to high vascularization, anti-angiogenic therapy (as single agent or combined with cytotoxic drugs) is the standard for recurrent GBM. 5 Although it also improves progression free survival in newly diagnosed GBM, no effect on overall survival (OS) is observed. 6 So, GBM is clearly an orphan cancer and finding effective treatments is a must.
Adaptive immune response can control tumor progression in most cancer types. 7 As a consequence, in situ immune infiltrates have been clearly associated with human cancer prognosis in various types of cancers. Thus, a balance between the presence of an antitumoral immune response and immunosuppressive actors participate in tumor growth control. 8 For brain tumors, a dogma of immune privilege of the central nervous system (CNS) has gradually eroded, with growing data supporting a dynamic interaction between the CNS and the systemic immune system. 9 Recent reports showed that GBM are infiltrated with immune cells and specifically with an increase in effector T cells and cytotoxic cells compared with normal brain suggesting that an in situ immune response is generated to control tumor growth. 10 In addition to effector cells, immunosuppressive cells like Foxp3
C regulatory T cells (Treg) and myeloid suppressive cells like myeloid-derived suppressor cells (MDSC) or type 2 tumor-associated macrophages (TAM2) are frequently found in GBM and could be involved in tumor progression. 11 A recent report demonstrated the efficacy of CAR-T cell immunotherapy against GBM, thus supporting the rational to stratify GBM in a immunological point of view to better define patients more prone to respond to immunotherapy. 12 In this work, the objective was to analyze the prognostic role of the in situ immune response in large and homogenous cohorts of GBM patients. We fostered on T cells (CD8 C , Th17 and Treg) and myeloid response (TAM2). Interestingly, this study reveals that CD8 C T cell infiltrates are associated with a better OS, while Th17 and angiogenesis are linked with each other and are associated with a poorer prognosis.
Material and methods

Patients
We retrospectively studied formalin-fixed and paraffin-embedded (FFPE) cancer surgical specimens from 186 consecutive glioblastoma cancer patients, who underwent brain surgical resection between January 2006 and December 2013 in the department of neurosurgery of Dijon teaching hospital. Patients were excluded from this study if they received anticancer therapy before surgery or if they did not receive radiochemotherapy after surgery.
Patients' clinical and tumor pathological characteristics are shown in Table S1 . The median follow-up at the time of analysis was 32.9 mo. The study was approved by the ethical local committee, and all patients gave written informed consent at the time of the diagnosis for the use of tumor samples for research purposes.
Immunohistochemistry procedures
For single staining, the following antibodies were used: mouse anti-CD8 C (M7103 Dako-Agilent), mouse anti-Foxp3 (ab20034, Abcam), goat anti-IL-17 (AF317-R&D Systems) and mouse anti-CD163 (NCL163, Leica, France). Antigen retrieval was performed by heating slides for 15 min at 95 C in 1 mmol /L EDTA. The stained arrays were counterstained with haematoxylin, and mounted in Aquamount (Dako). Positive and negative controls were performed with paraffin tonsil sections using each monoclonal antibody and an isotype-matched negative control antibody.
For double staining procedures, the following antibodies were used: rabbit anti-Ki67 (ab16667, Abcam) and mouse anti-CD31 (M0823, Dako-Agilent). Ki67 was detected using a donkey anti-rabbit HRP conjugated and signal was revealed with DAB (SK4103, Vector Laboratories). CD31 was detected using donkey anti-mouse biotin-conjugated. The third step amplification used conjugated streptavidin alkaline phosphatase and the signal was revealed with Vector Red (SK5100, Vector Laboratories).
Quantification of lymphocyte infiltrates and blood vessels
The presence or absence of lymphocyte infiltration and blood vessels, and their quantification in different areas on each tumor sample, was evaluated by two independent physicians (FG and CGK) on tissue section. All samples were previously anonymized and blinded for clinical data. For CD8 C , CD163, Foxp3 and IL-17 staining, the number of positive cells was counted in three consecutive high power fields (40£) in the tumor core. The mean count of three fields was used for statistical analysis. The results of the analyses conducted by each independent physician were subsequently compared. Major discrepancies between the two clinicians were reviewed jointly to reach a consensus when the mean count differ more than 10%.
For blood vessels numeration, physician first selected areas with or without IL-17A infiltrate. Then, the same area was chosen on the double stained Ki67/CD31 slide. Blood vessels were then counted at medium magnification (10£). CD8 C quantification was then evaluated in the same area.
Generation of primary GBM cell lines and cell culturing
The procedures described by Azari and colleagues were followed. 13 Briefly, fresh surgically removed GBM tumor tissues were minced with scalpels in DMEM/Ham's F12 medium within a sterile Petri dish. Dissociation of tissue was then performed using a trypsin solution during 15 min at 37 C. Trypsin inhibitor was used after this step to stop tissue digestion. The cell suspension was then passed through a cell strainer (40 mm; Becton-Dickinson-Falcon). GBM primary cell lines were afterward cultured in neurospheres in DMEM/F12 supplemented with EGF, b-FGF (both 15 ng/mL) and heparin 0.2% (1 mL/mL). We also used the two brain cell lines SNB19 and U87 from ATCC. Mycoplasma absence was routinely checked (once every 2 weeks).
VEGF-A assay
Six primary cultures of GBM cells and GBM cell line (SNB19 and U87) were treated with 100 ng/mL of recombinant IL-17A (R&D Systems, France) during 48h. VEGF-A was quantified and analyzed by ELISA (eBioscience, Rennes, France) using manufacturer's protocol. Samples were analyzed in triplicate.
Statistical analysis
All patients were followed up until death or the date of the cut-off for study analysis. OS was calculated from the date when therapy started to the date of death. Median followup was calculated using the reverse Kaplan-Meier method. OS probabilities were estimated using the Kaplan-Meier method and were compared by the log-rank test. The optimal cut-off was determined for each histological variable using Cutoff Finder software.
14 The optimal cut-off was defined as the point with the most significant (log-rank test) split. A multivariate Cox proportional hazard regression model was applied to assess independent prognostic effects for OS. The hazard ratios (HR) were given with their 95% confidence intervals (CI). All variables with a univariate Cox p value 0.20 were eligible for multivariate analyses. The multivariate model was adjusted for sex, age, preoperative Karnofsky score (assessed the day before surgery), surgery (resection vs. biopsy). Correlations between co-variables were first tested for eligible variables. To prevent collinearity, when two variables were significantly correlated, one variable was retained according to its clinical relevance or to the value of the likelihood ratio. All reported p values are two-sided. The statistical significance level was set to be p < 0.05. Analyses were performed using SAS 9.3 (Statistical Analysis System).
Transcriptomic analysis
Data sets
We used the TCGA GBM data set downloaded from the Broad Institute GDAC Firebrowse website (http://doi.org/ 10.7908/C11G0KM9).This data set was obtained for 525 patients using Affymetrix Human Genome U133A array and is provided normalized using the Robust Multi-array Average (RMA) method. 15 This data set also displayed age, sex and OS.
A total of 217 patients benefited from radiochemotherapy as adjuvant therapy, 205 had radiotherapy and 3 had undergone chemotherapy.
We isolated from the transcriptomic data set different combinations of genes corresponding to specific immune cell metagenes. We focused on two subpopulations of TILS, namely Th17 and CD8
C activated, whose expression was estimated through immune metagenes previously identified by Angelova et al. 16 Metagenes of CD8 C activated were CETN3, GEMIN6, GAL, PTRH2, MPZL1, CSE1L, C1GALT1C1, MRPS16, SPC25, TUBB, EIF2S1, CCT6B, RFC5, AHSA1, TIMM13, KIAA0101, PCNA, ADRM1, TK1, TIMM8B and CCT5, and for Th17 were IL23A, MOCOS, TRAF3IP2, YBX2, IL17A, IL17RC, LTK, FURIN, LONRF3, CA2, TNIP2, F12, CEACAM3, GPR25 and ABP1. Note that a few metagenes previously identified were not present in our data set. In addition, we added in the analysis a neoangiogenesis metagene due to the sharp important of angiogenesis in brain tumors (ANGPT1, ANGPT2, ANPEP, EREG, FGF1, FGF2, FIGF, FLT1, JAG1, KDR, LAMA5, NRP1, NRP2, PGF, PLXDC1, STAB1, VEGFA and VEGFC). We also included an endothelial metagene recently reported by Becht and colleagues. 17 The expression of all of the metagenes was averaged for each subpopulation as commonly done. Hereafter, we will call these averaged representations of the TILS subpopulation "metagenes." Correlations between covariates were evaluated using Spearman's rank correlation coefficients and twotailed p values were estimated using "cor.test" function in R.
Metagenes and prognosis
The survival prognostic value of clinical variables and genes/ metagenes expression was evaluated using Kaplan-Meier estimator and log-rank testing. Continuous variables (clinical parameters as well as gene signature expression) were previously dichotomized using the best cut off estimation provided by Budczies.
14 Multivariate Cox proportional hazards models were used to evaluate the prognostic value of individual genes or metagenes when combined with clinical parameters. Only tests with p < 0.05 were considered significant. All analysis were performed using the open-source R software (https://cran.r-project.org/).
Results
Patients
A total of 186 patients with GBM consecutively treated with the radiochemotherapy for GBM since 2007 were included in this cohort. The clinical characteristics are summarized in Table S1 . There were 105 male and 81 female patients. A total of 99 underwent a complete surgery and 87 were sampled only by biopsy before radiochemotherapy. The collection of blood sample is authorized by the French authorization No AC2014-2460.
Association between immune infiltrates and patients' survival
We analyzed the myeloid marker CD163, lymphoid markers CD8
C and FoxP3 and the cytokine IL-17A with IHC procedures. We performed a manual counting for each cell subset. CD163 was often highly and homogenously stained in the tumor bed (Table S2 and Fig. 1A ). In contrast, lymphoid infiltrates were less important. We observed a similar level of CD8 C and Foxp3 infiltrates (i.e., cells per field 130 § 118 and 128 § 81, respectively); however, the infiltration was very heterogeneous spanning from the absence of lymphoid cells to high infiltration with more than 500 cells per field (Fig. 1A and Table S2 ). IL-17A-positive cells were also observed in the tumor bed but at a lower rate (i.e., cells per filed 15 § 20). These cells seemed to be preferentially located in perivascular area and thus could be testament to a recent diapedesis (Fig. 1A) .
In this cohort, univariate Cox analysis for classical prognostic factors determined that an older age, a lower Karnofsky performance status and the absence of bevacizumab administration at recurrence were associated with a poor survival (Table 1) and CD163 infiltrate was finally not associated with prognosis (Fig. S1 ). Next, we tested the correlation between immune parameters and we noted a strong correlation between Foxp3, CD8 C and CD163 (Table S3) . Among those variables, we chose to only retain CD8
C for the multivariate model as it was the most significant. The multivariate Cox regression model showed that age, Karnofsky performance status, CD8
C and IL-17A were independent factors associated with OS (Table 1) (Fig. 1C) .
Together these data suggest that CD8 C infiltrates is associated with a better OS, while IL-17A-positive cells infiltrates are associated with a poorer OS independently.
External validation using transcriptomic data
To confirm our observations on another set of data, we used a public large scale transcriptomic study namely the TCGA GBM data set, available on the Broad Institute GDAC Firebrowse. This data set was obtained for 525 patients bearing GBM using Affymetrix Human Genome U133A array. This cohort included 320 males and 205 females, mean age was 57.7 § 14.6 y. A total of 435 patients received at least radiotherapy as treatment. To analyze the prognostic role of Th17 and CD8
C T cells, we decided to use the metagene strategy described previously to analyze immune infiltrates in colorectal cancer. 16 In this cohort, using the univariate Cox model, a highly activated CD8 C metagene expression was associated with a better prognosis (p D 0.0025; HR: 0.25 [95% CI: 0.09-0.66]) ( Fig. 2A) , while a high Th17 metagene expression was associated with a poorer prognosis (p D 0.0074; HR: 1.58 [95% CI: 1.13-2.22]) (Fig. 2B and Table 2 ). Similar results were obtained upon multivariate model including age and treatment (Table 2) . Upon the subgroup analysis, patients could be separated in four groups. First, a group of patients expressing a high CD8 C activated metagene combined with a low Th17 metagene had the better prognosis. A group of patients with both low CD8 C activated and Th17 metagenes expression had an intermediate prognosis. The third group combining the expression of a low CD8 C activated metagene and a high Th17 metagene had the poorer prognosis (Fig. 2C) . A fourth group combining both high CD8
C activated and Th17 metagenes share similar prognostic that the high CD8
C activated metagene combined with a low Th17 metagene. However, due to the few number (only nine patients), results from this final group required careful interpretations.
All in all, transcriptomic data confirmed the prognostic role of CD8
C and Th17 in another large cohort of GBM.
IL-17A and Th17 cells promote neoangiogenesis
As IL-17A is the main cytokine secreted by Th17 cells and is known to promote VEGF-A production and neoangiogenesis in different tumor types, 18, 19 we investigated its role in GBM related neoangiogenesis. Thus, we treated six GBM primary cultures and two GBM cells lines with recombinant IL-17A. Such stimulation resulted in VEGF-A release from GBM primary cultures and GBM cell lines (Fig. 3A) . To address the link between IL-17A and angiogenesis in vivo, we performed a classic IL-17A staining combined with a multiparametric immunohistological staining for CD31 and Ki-67 in an independent cohort of 20 GBM tumors. For patients with a strong IL-17A-positive cells infiltrate within the tumor core, IL-17A-positive areas were systematically surrounded by well-developed blood vessels or neoangiogenic vessels positive for the CD31 endothelial cells marker (Fig. 3B) . In contrast, in areas without IL-17A-positive cells, fewer blood vessels were observed (Fig. 3C) . Such interaction between IL-17A and CD31 cells was not observed with CD8 C cells, suggesting the specific association between Th17 and endothelial cells. To validate this association between IL-17A and angiogenesis, we used the previous transcriptomic data on 525 patients having GBM. First, using univariate Cox model, we found that VEGF-A expression was associated with a poorer clinical outcome (p D 0.0046, HR: 1.51 [95% CI: 1.13-2.00]) ( Table 2) . We also observed strong correlations between Th17 metagene and angiogenesis metagene (p < 2.2e¡16; R: 0.36) (Fig. 3D) and between Th17 metagene and endothelial cells metagene (p < 3.60e¡7; R: 0.22) and between Th17 metagene and VEGF-A (p D 0.00043; R: 0.15) ( Table S4 ). The subgroup analysis showed that patients combining both high Th17 metagene and high VEGF-A expressions had a poorer OS compared with double negative patients (Kaplan-Meier, p < 0.0001) (Fig. 3E and Table 2 ).
All these data suggest that Th17 cells exert protumoral effects notably by their abilities to induce VEGF-A secretion by GBM cells, which in turn promote neoangiogenesis.
Discussion
In this study, we first observed that CD8
C and IL-17A are strong prognosis factors in patients having GBM and treated with the standard radiochemotherapy after surgery. While a high CD8
C infiltrate is associated with a better outcome, a high IL-17A infiltrate is associated with a poorer prognosis. These data were confirmed using metagene strategy on transcriptomic data analysis of a larger cohort. We found that CD8 C activated metagene expression was associated with a better OS, whereas Th17 metagene expression was associated with angiogenesis and a poorer clinical outcome. Importantly, our data highlighted that Th17 immune response and angiogenesis are linked with each other in GBM.
The prognosis role of CD4
C and CD8 C infiltrates in GBM was previously reported in a few small retrospective studies. Recently, Han and colleagues 20 underlined that GBM had higher levels of CD4 C TILs than low-grade gliomas, which in combination with a decrease in level of CD8 C TILs induced a decrease in the CD8
C /CD4 C ratio in high-grade glioma patients. Consistent with these results, Waziri reported that most of the CD4 C TILs in GBM suppressed the cellular immune response. 21 Therefore, the immune function of GBM patients may be compromised due to the relative low level of CD8
C cells compared with immunosuppressive cells. Nevertheless, transcriptomic data from TCGA suggested the presence of a cytotoxic molecular signature in GBM. 22 While a first report showed that a high CD8
C T cells infiltrate is more frequently observed in longer survivors compared with shorter survivors, 23 further studies suggested that CD8 C alone cannot be associated with clinical outcome. 20 Our series using a larger number and probably less heterogeneous patients treated with a standard radiochemotherapy after surgery clearly underlined the prognosis role of CD8 C T cells infiltrate in GBM in two distinct cohorts.
Foxp3 infiltrate is associated with a better outcome in our univariate analysis. However, its prognosis role in GBM is still conflicting in literature. While some reports suggested that a high Foxp3 infiltrate is associated with tumor recurrence and poor survival, 10, 24 some other reports failed to demonstrate a prognostic role of Foxp3 infiltrate. 25 The most valuable reason to explain these discrepancies is that Foxp3 is probably not a specific marker of regulatory T as most activated CD4
C T cells in human could express Foxp3 at different levels. 26 Efforts for a better characterization of these cells in human tumors are still strongly required for flow cytometry and immunochemistry applications.
Th17 cells are a subpopulation of effector CD4 C helper T cells which produce IL-17A and express the master controller transcriptional factor RORgt. These cells are essential elements of the inflammatory response not only in the context of inflammatory disease but also in the setting of infection by extracellular pathogens. In cancer, the implication of Th17 cells is conflicting, but most reports propose that Th17 cells and notably IL-17A are associated with a poor outcome. 27 The deleterious effect of Th17 cells is explained by their ability to exert direct immunosuppressive functions via IL-10 secretion or active ectonucleotidases expression. 28, 29 In GBM, the impact of Th17 is not clearly understood yet. A report on 41 patients suggested that IL-17A was associated with a better outcome. 30 Conversely, we observed in our study that IL-17A staining with IHC procedures was a biomarker associated with a poor prognosis. The better specificity of the IL-17A antibody we used for staining procedures may explain the discrepancy between the two studies. It is important to mention that transcriptomic data corroborated our finding using Th17 metagenes strategy in another series of GBM patients. It is also important to point that due to the lack of data, we could not include MGMT promoter methylation status in the multivariate model. Addition works need to be performed to determine whether immune infiltrates are associated with different outcome in function of MGMT status.
Recent reports demonstrated that IL-17A is a proangiogenic factor that could induce production of VEGF-A 18 but the capacity of IL-17A to affect VEGF-A production by GBM cells was not known. We show here that IL-17A is able to trigger VEGF-A secretion by GBM cells leading to angiogenesis. Interestingly, with IHC procedures, we observed that IL-17A-positive cells were preferentially found next to capillary blood vessels and may favor their proangiogenic functions. These results were also confirmed with transcriptomic data where we found strong correlations between Th17 and angiogenesis metagenes. However, the correlation between VEGF-A and Th17 was less strong, suggesting that other proangiogenic factors, such as angiopoietin or PDGF could also be involved in Th17-induced angiogenesis. 31 In conclusion, our results underlined that on one hand GBM benefits from CD8
C immuno-surveillance like many other human cancers and that a high CD8
C infiltrate is clearly correlated with a favorable prognosis. On the other hand, Th17 and IL-17A seemed to be deleterious either by their ability to inhibit immune response or by activating angiogenesis in GBM.
Beyond the prognosis role of these biomarkers, our study shows that GBM bearing patients can also be classified on the immune infiltrate aspects which could definitely help clinicians to deal with targeted therapy administration. Thus, our data raised the hypothesis that bevacizumab and generally speaking antiangiogenic therapy could be considered in Th17-infiltrated GBM before recurrence. Such hypothesis should be assayed in clinical trials testing the efficacy of bevacizumab in GBM expressing high Th17 metagene. A very promising brief report 12 showed that brain tumors can benefit from CAR-T cells immunotherapy. Consistent with this paper, our data also suggest that other immunotherapeutic interventions, such as PD-L1/ PD-1 blockade for instance, could only be considered for patients with a potent cytotoxic infiltrate (i.e., a high CD8 C infiltrate). As IL-17A is known to promote angiogenesis in GBM, our data support the rational that IL-17 blockers should be tested in combination with angiogenesis inhibitor at least for patients displaying a combined high Th17 and angiogenesis metagenes expression. The right understanding of immunity in GBM may appear to be a decisive step for major improvements in care for patients having a devastating cancer.
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